OOR ADHERENCE TO TREATm e n t r e m a i n s a m a j o r obstacle in the global fight against tuberculosis (TB).
m e n t r e m a i n s a m a j o r obstacle in the global fight against tuberculosis (TB). 1 Reasons for nonadherence are complex and multifaceted involving more than the patients' personal characteristics and attitudes. 2 Factors, such as the chronic nature of the disease, the socio-cultural context and poverty, and interacting with physicians, nurses, and other health care workers, all affect access to and adherence to treatment. [3] [4] [5] In the World Health Organization (WHO) Africa region, 11% of the new smear-positive pulmonary TB cases diagnosed in 2002 were reported to have defaulted from treatment. 6 In Senegal, reported cure rates in the years before our study were low (53% on average between 2000 and 2002) with a high proportion of patients interrupting treatment before completion (28% on average during the same period). 7 To address the problem of low adherence and improve treatment outcomes in Senegal, we undertook an interdisciplinary project that combined a qualitative study investigating the determinants of cure and a quantitative assessment of outcomes with the view to develop and test a novel and sustainable strategy. 8 The main identified impediments to successful patient outcomes were difficulties accessing treatment, poor communication between health care personnel and patients, poorly applied directly observed therapy (DOT), lack of a strategy to search for defaulting patients, and limited supervision of the treatment units by the district leadership team. 9 To assess the feasibility and effectiveness of the strategy developed on the basis of these findings and evaluate its potential impact on TB control, we undertook a cluster randomized controlled trial (RCT), which we report herein.
METHODS

Study Design
Senegal is a West African country, with a population of approximately 10 million. Health services are provided nationwide through 53 district health centers (DHCs). Tuberculosis diagnosis and treatment are integrated into basic health services and undertaken within TB control units in the DHCs, usually staffed with a nurse and health care assistants. Treatment is free and consists of a standard 8-month regimen (2 months intensive phase of combined rifampicin, isoniazid, pyrazinamide, and ethambutol, followed by 6 months continuation phase of combined isoniazid and ethambutol). Drug provision and patient monitoring are the responsibility of the National TB Control Program (NTCP). 7 The cluster RCT design was chosen because the intervention was implemented at the health center level. The DHC was therefore the unit of randomization. The purpose of the intervention was to improve access to care and increase adherence to treatment, simultaneously targeting DHC staff, patients with TB, and communities, and included 4 components: (1) improving counseling and communication between health personnel and patients through appropriate training; (2) decentralizing treatment to remote health posts and involving community health workers; (3) strengthening the DOT strategy by giving patients the opportunity to choose their treatment supporter; and (4) reinforcing supervision of health posts by the DHC team.
Training of health care personnel was conducted over 4 sessions. The first session, conducted before the study commenced in both trial groups, reviewed the general principles of TB control, as outlined in the NTCP manual, to standardize knowledge at baseline. Subsequently, 3 training sessions (2 before recruitment and another 6 months after the study started) were run for the TB control staff working at the DHCs and health posts (nurses, assistant nurses, and community health workers) in the intervention group only. The objectives were to teach the health personnel about how to improve relationships with patients with TB, acquire negotiation skills, and provide appropriate counseling on TB and its treatment.
In each intervention DHC, treatment was commenced under direct supervision by the TB nurse, who then referred the patient to the health post nearest to his/her home for treatment delivery and follow-up by the health post nurse. At the health post, the health post nurse provided further information to the patients and asked each patient to identify a "DOT supporter" from his/her immediate surroundings. This supporter had to directly observe the daily drug intake and received training about all aspects of the treatment process. During the intensive treatment phase, anti-TB medication was to be collected by the DOT supporter on a weekly basis from the health post. During the continuation phase, the medication was delivered to the DOT supporter every fortnight. In case of adverse events, the patient was referred to the DHC. Patients who were in danger of stopping treatment before completion were systematically visited by the community health worker and encouraged to adhere to TB treatment. Lastly, the DHC leadership provided supervision and reinforced all aspects covered by the training to the health post staff when anti-TB drugs were supplied to the health post.
Patients recruited into the control group received the usual NTCP care, 7 being diagnosed, treated, and followed up in the TB control unit by the nurse as usual practice in each DHC. There was no specific community involvement, no decentralized treatment, no choice of DOT supporter, and no strategy to search for defaulting patients.
DHCs and Sample Size
Based on the detection of an average of 100 new TB cases per DHC per year, we calculated the required sample size aiming to detect a difference of at least 15% in the treatment success rate between the intervention and control groups. We assumed a coefficient of variability k=0.12 among DHCs, based on the success rates from all districts using conventional NTCP procedures in Senegal at baseline, and estimated that the success rate in the control group would be 65%. With 80% power, and a type I error of 5%, we calculated that 8 DHCs were required per group. 10 District health centers with a functional TB diagnosis and treatment unit (including a functional laboratory), and in which no other programmatic or research projects were being undertaken, were eligible for inclusion. A total of 25 of 53 DHCs met these criteria. One center refused to participate, and the remaining 24 DHCs were stratified according to their estimated baseline sputum smear-positive detection rate, either less than or greater than or equal to 60 cases per 100 000 population, to account for variation in the recruitment of patients among DHCs. Within each stratum, 8 DHCs were randomly selected from the 12 and then allocated to the intervention or control groups using blocked randomization (FIGURE 1) .
Participants, those administering the intervention, and those assessing outcomes were not masked to study group. All staff (TB control staff working at the DHCs and health posts [nurses, assistant nurses, and community health workers]) administering the intervention were trained in the intervention and therefore could not be masked to study group. In addition, TB nurses at the DHC were responsible for treatment and follow-up of patients, including collection of data for outcomes. Laboratory staff were not aware of to which group the DHCs were randomized. The ran-domization of DHCs to study groups only took place after all DHCs gave agreement to participate in the study.
Patients and Follow-up
The study population consisted of all individuals presenting to the DHC be- The TB nurses at the DHC were responsible for monitoring the recruitment, registration, treatment, and follow-up of patients. Formal monthly monitoring visits were conducted in both groups by specifically recruited field assistants, who supervised all activities and checked the completion of the forms. In both groups, following the procedures of the NTCP, patients were given appointments at the DHC at the end of months 2, 5, and 8 for clinical examination and collection of sputum samples. Decisions regarding the continuation of treatment were based on the result of the sputum smears.
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Analysis
The effect of the intervention was measured with the end result of treatment, using standard definitions set by the International Union Against Tuberculosis and Lung Diseases.
11 Primarily this was both the proportion of recruited patients experiencing treatment success (those patients cured and those completing their full course of treatment) and those defaulting from treatment. A cured patient was defined by a negative sputum smear at 8 months and on at least 1 previous occasion, while completing treatment were those patients missing smear results but who had finished their treatment regimen. A defaulter was defined as a patient who definitely stopped treatment before completion.
Analysis was based on intention to treat, conducted using methods described by Bennett et al 12 appropriate for a cluster randomized design with a small number of clusters, and undertaken using SAS version 8.02 with survival analysis conducted using STATA version 9.2 (StataCorp LP, College Station, Tex). The proportions of patients with each outcome were calculated for each cluster and the effect of the intervention was measured by the ratio (intervention group/control group) of the geometric means of these proportions, termed the unadjusted risk ratio (RR). An approximate variance of the cluster outcomes adjusted appropriately for stratification in the study design was the mean square error from an analysis of variance of the cluster outcomes including study group with 2 levels (intervention or control), baseline case notification rate strata with 2 levels (low or high), and their interaction. A 95% confidence interval (CI) for the RR used this approximate variance and a critical value from the t distribution with 12 df.
An adjusted analysis was also undertaken using the 2-stage approach, 12 replacing the cluster proportions with the ratio of the number of patients with each outcome over the cluster sum of expected values from a logistic regression model using patient-level data. The logistic regression model incorporated baseline measures for each outcome (the mean proportion of patients in 2000-2002, with each outcome categorized into 3 groups) and potentially important confounders (sex and age) as well as baseline case notification strata at 2 levels.
Secondary unsuccessful outcomes (ie, treatment failures [defined as a patient who remained or became smear positive at or after 5 months], transfers, and deaths) were rare events with at least 1 cluster experiencing no events. In these cases, the adjusted analysis was calculated as the risk difference, the difference between the observed and expected values. 13 The time to defaulting by treatment group was analyzed using Weibull regression, adjusting for age, sex, strata, and the baseline proportion of patients defaulting from treatment. The lack of independence among patients within the same DHC was accounted for with ␥ frailty. Time to default is illustrated using a Kaplan-Meier curve. 
RESULTS
A total of 778 patients in the intervention group and 744 patients in the control group were enrolled and eligible for the study, ranging from 21 to 239 patients per DHC (TABLE 1 ). An additional 76 patients were found to be ineligible for the study as they lived outside the district. Atbaseline,patientcharacteristics,such as age and sex, were distributed similarly between the intervention and control groups (Table 1) 
Of those patients recruited and eligible, 1406 (92%) had a sputum smear at 2 months, 1261 (83%) at 5 months, and 1185(78%)at8months.Atall3occasions, ahigherproportionofpatientshadasmear collected in the intervention group than in the control group (95% vs 90% at 2 months, 88% vs 77% at 5 months, and 84% vs 71% at 8 months, respectively).
Treatment outcomes are displayed in TABLE 2. Treatment was successful for 682 patients (87.7%) in the intervention group compared with 563 patients (75.7%) in the control group. The adjusted RR for treatment success was 1.18 (95% CI, 1.03-1.34). Adjusted RRs and risk differences for other treatment outcomes are reported in Table 2 , adjusted for baseline measure, sex, age category, and baseline case notification strata. Distance from Dakar, severity of sputum, and patient's weight had little effect on the adjusted RRs for treatment success and default.
Treatment outcomes by cluster and study group are shown in TABLE 3. Two of the control clinics had more than 80% of their patients achieve successful outcomes while all of the intervention clinics achieved this level of success. Although there was a small number of deaths observed overall, 2 control clinics had high proportions of deaths. Adjusting for other variables had little effect on the adjusted RRs. The effect was consistent over intervention clusters as can be observed in Table 3 .
Forty-three patients (5.5%) defaulted from treatment in the intervention group vs 125 patients (16.8%) in the control group (adjusted RR, 0.43; 95% CI, 0.21-0.89), suggesting that the risk of defaulting was nearly 60% lower in the intervention group. The intervention also significantly decreased the time to defaulting since the start of treatment (RR, 0.19; 95% CI, 0.07-0.49), adjusting for treatment group, age, sex, baseline case notification strata, and baseline proportion defaulting. This is illustrated in FIGURE 2, using a Kaplan-Meier curve.
Decentralization of care involved 42 health posts, with a median of 5 health posts per DHC. A median of 9 patients (range, 1-98 patients) used each health post. Of the 778 patients in the intervention group, 462 (59.4%) had their treatment supervised by a family member, 245 (31.5%) were supervised by a DHC nurse or health post nurse, and the remaining 71 (9.1%) were supervised by the com- 
COMMENT
The introduction of a comprehensive multitargeted intervention aimed at improving patient's adherence to treatment through improved counseling and communication between health staff and patients, decentralization of treatment involving community health workers, flexibility in the choice of DOT supporter, and reinforced supervision activities of remote health posts reduced the proportion of patients interrupting treatment before completion. This resulted in a higher proportion of successful treatment outcomes compared with the usual NTCP procedures, even after adjusting for the fact that the intervention DHCs were doing better at baseline. Also, we found that the choice of a DOT supporter among the patients' family members yielded better treatment outcomes than other DOT supporters. A general improvement in the control group from baseline data was observed, suggesting that the initial training received and the monitoring of the health workers to ensure correct recording may have increased awareness among those workers and resulted in improved standards of care in this group. The reported RRs should therefore be considered as conservative and the intervention considered effective at improving adherence to treatment. *Treatment success is the sum of those patients cured and those who completed their 8-month course of treatment but were missing sputum smear test results.
In the last 15 years, a variety of strategies aimed at improving treatment outcome have been tested around the world, including patients' incentives, tracing default patients, taking legal sanctions, and improving staff motivation or treatment supervision.
14,15 These interventions were generally targeted at a single element of control (eg, treatment delivery) and showed variable success. Of 3 RCTs conducted to compare selfadministered with directly-observed therapy, 16-18 2 trials showed that there was little to be gained by DOT only, 16, 18 because approximately 30% of patients in these populations interrupted treatment before completion whatever the methods of treatment supervision. This opened the way to multitargeted approaches, a concept we used in this study, targeting together health staff, patients, and communities. 8, 15 Defaulting from treatment is one of the most important problems in TB control. 3, 4 Studies performed in Madagascar 19 and in India 20 showed that the lack of information, poor communication with health staff, and lack of attention and support at the clinic were some of the many factors affecting patients' adherence to treatment. In our qualitative study, we found that the health staff can play a key role in achieving adherence to treatment, justifying the training component of the tested strategy and the need for improved counseling. 9 Access to health care is the cornerstone of TB control programs that must ensure that patients receive a full course of treatment. In areas in which patients live far from health centers, the positive effect of free treatment is often offset by indirect transportation costs, and patients might prefer to give up treatment due to these costs. 5 The qualitative study suggested that access to drugs would be improved through decentralization of treatment. 9 Our findings are consistent with those reported from several countries in Africa, [21] [22] [23] in which decentralization was shown to be effective overall, although the magnitude of the effect on treatment outcome varied according to the country, the type of treatment, and the site identified for treatment delivery.
Directly observed therapy is central to the global strategy for effective TB control launched by the WHO in 1994 and named directly observed therapy, short course (DOTS). 24 In 2002, WHO recommended flexibility in implementing DOTS and promoted "a comprehensive and multifactorial approach." 25 Qualitative studies showed that patients who received the support and care of their families were more likely to adhere to therapy and achieve cure, 26 and newly patient-centered approaches were tested. Observational studies performed in Kenya, Malawi, and Uganda showed that the choice of DOT supporter by the patient, associated with the decentralization of treatment, improved treatment success rates. [21] [22] [23] Furthermore, a cluster RCT in South Africa reported improvements when lay health workers were involved in TB control, 27 although a study in Nepal 28 recently demonstrated that both family and community DOT supporters can achieve good treatment outcomes. Allowing a choice of treatment supporter provided the patients with the capacity to determine the mode of supervision that was the most appropriate to their daily life. In addition, this community-based approach made it possible for community health workers to trace default patients and bring them back to treatment.
Sustained supervision by the district health team is needed to ensure the continuity of this strategy through ensuring appropriate supply and safe storage of medication in distant places, and regular checks of recorded data. This intensified supervision certainly has a cost and requires appropriate managerial capacity but appears essential for improved TB control.
Because the intervention we tested was offered as a package, we cannot determine the effect of individual elements of the strategy. Some of these elements did not show conclusive results when tested elsewhere. 29 We believe, however, that coherent public health strategies are most often multitargeted, and strategies developed to improve adherence to treatment are likely to be complex 15 ; hence, the development of comprehensive and multitargeted interventions.
We did not test study participants for human immunodeficiency virus as this was not routine practice in Senegal at the time of the study. The reported prevalence of human immunodeficiency virus infection in the general population in Senegal is 1.4%. 30 To establish evidence-based recommendations, the RCT design has been proposed to test measures to promote adherence to treatment 31 in preference to observational studies, which have limited capacity to show the effect of introducing a new intervention. The effect of various single element strategies has been tested using the individual RCT design.
16-18 However, we chose the cluster RCT design to assess the effectiveness of our intervention, as other public health interventions based on strategies to promote adherence delivered in a standard way at the community level 27,28 have done. It was logistically easier to perform our intervention at the health center level, and the clustered design reduces contamination that could be problematic if the intervention was administered at the individual level.
The DHCs that participated in the study are generalizable to all DHCs in Senegal, representing centers in urban, semi-urban, or rural areas, and 7 of 11 administrative regions of Senegal. A total of 25 of 53 DHCs met the criteria to be included in the study. The 28 DHCs not included in the study were because of nonfunctional laboratories, the presence of another research study, a previous implementation of a decentralization process (supported by development aid organizations), no functional health posts, or unwillingness to perform the study.
Control of TB depends on effective treatment as well as effective strategies to support the process of care from detection of disease through the completion of appropriate treatment. 8 A key aspect of our approach was to identify, based on qualitative studies, an intervention that would be feasible, sustainable, and fully acceptable by the pa-tients and the health care services. 31 This, we believe, is the path toward making TB control more responsive and reflective of local health systems and social constraints and resources. Our results show that the intervention we tested, consisting of a coherent package of sustainable activities targeting altogether health staff, patients, and communities, did improve treatment outcomes. This intervention could now be implemented in a stepwise manner throughout Senegal, and we believe that this approach may be generalized within the context of TB control programs in other resourcepoor countries.
Author Contributions: Dr Lienhardt had full access to all the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. Drs Thiam 
Role of the Sponsors:
The sponsor of the study, the French based Institut de Recherche pour le Developpement (IRD), was involved at all stages of the study, which was conducted jointly and in close collaboration with the Senegalese National TB Control Program. Sponsor funds were provided to the authors in Dakar and to the Senegalese National TB Control Program. The sponsor helped in getting official contacts with the responsible persons at the Ministry of Health in Senegal and access to health centers involved in the study, and in collecting data throughout the study. The sponsor was informed on trial developments through regular visits and reports, and contributed to the preparation and review of the manuscript.
